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(54) Circuitry and method for duty measurement 

(57) Duty measuring circuitry of the present inven- 
tion includes a pulse detecting circuit for detecting at 
least one of a convex pulse width and a concave pulse 
width included in an input data signal. A duty decision 
circuit determines whether or not the convex pulse width 
or the concave pulse width detected is smaller than a 
preselected value. If the detected pulse width is smaller 
than the preselected, the duty decision circuit deter- 
mines that the pulse width is valid, and feeds it to an 

Rg.1 



averaging circuit The circuitry obviates the need for an 
exclusive fixed pattern, e.g., ONEs and ZEROs alternat- 
ing with each other customarily used for the measure- 
ment of a duty. In addition, the circuitry is capable of 
accurately measuring a duty even with a random pat- 
tern based on RZ (Return-to-Zero) code or NRZ (Non- 
Return-to-Zero) coda 
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Description 

[0001] The present invention relates to circuitry and a 
method for duty measurement and more particularly to 
drcurtry and a method of the type sampling an input sig- 5 
nal at N consecutive points to thereby measure the duty 
off the input signal. 

[0002] Modem data communication services are 
required to have various kinds of capabilities in order to 
meet the increasing demand for data communications. 
To implement higher speed, broader range communica- 
tion, among others, there have been proposed, e.g., an 
ISDN (I n te gr a te d Services Digital Network) basically 
featuring a transmission rate of 64 kilobits per second 
and a B (Broadband)-ISDN capable of sending a 100 
times greater amount of data than ISDN. For higher 
speed, broader range communication, a network using 
optical ffcers is essential in addition to the conventional 
network using copper cables. 
[0003] However, the problem with a PDS (Passive 
Double Star) system or similar subscriber system rs that 
an optoelectrical converter for converting an optical sig- 
nal to an electric signal distorts the duty of the signal. A 
current trend is therefore toward the measurement of 
the duty of an input signal, giving up the ideal off reduc- 
ing the distortion of a duty. By measuring the duty, it is 
possible to accurately identify data even when the duty 
of a data signal is distorted. 

[0004] Conventional circuitry for the measurement of 
a duty has some problems Left unsolved, as follows. An 
input signal must include an exclusive field in which a 
fixed pattern, e.g., a pattern of ONEs and ZEROs alter- 
nating with each other is arranged. Moreover, the posi- 
tion where the fixed pattern is present must be dearly 
detected in the input signal. Consequently, the genera- 
tion and analysis of the input signal are complicated and 
render the construction of the optoelectric converter 
and that of the optical transmission system sophisti- 
cated. 

[0005] rt is therefore an object off the present invention 
to provide circuitry and a method for duty measurement 
capable off accurately measuring the duty of an input 
signal without resorting to an exclusive fixed pattern and 
even with a random pattern based on RZ (Returrvto- 
Zero) code or NRZ (Non- Retum-to-Zero) coda 
[0006] In accordance with the present invention, in cir- 
cuitry for measuring the duty of an input signal, at least 
one of a convex pulse width and a convex pulse width of 
the input signal is detected and is determined, when 
smaller than a preselected value, to be valid for the cal- 
culation off a duty value. 

[0007] Also, in accordance with the present invention, 
a data identification system includes the above drcurtry 
and a data identifying circuit for identifying, based on a 
duty output from the circuitry, data of the data signal and 
outputting the data as an identified data signal. 
[0008] Further, in accordance with the present inven- 
tion, a method of measuring the duty of an input signal 



includes a detecting step for detecting at least one of a 
convex pulse width and a concave pulse width, and a 
validating step for validating, if the convex pulse width or 
the concave pulse width detected is smaller than a 
preselected value, the convex pulse width or the con- 
cave pulse width for the calculation of a duty value. 
[0009] Moreover, in accordance with the present 
invention, a method of identifying data includes the 
above method of measuring a duty of an input data sig- 
nal, and a data identifying step for identifying, based on 
a duty output by the method, data of the data signal and 
outputting the data as an identified data signal. 
[0010] In addition, in accordance with the present 
invention, a method of reproducing a data includes a 
PLL (Phase Locked Loop) step for separating a clock 
signal from the data signal to thereby output a sepa- 
rated clock signal, the above method of measuring a 
duty of an input, a phase shifting step for shifting, based 
on the duty value output by the, the phase of the sepa- 
rated clock signal to thereby output a phase-shifted 
clock signal, and a ffip4top step for sampling the data 
signal in synchronism with the phase-shifted clock sig- 
nal to thereby output a reproduced data signal. 
[0011] The above and other objects, features and 
advantages of the present invention will become appar- 
ent from the following detailed description when taken 
with the accompanying drawings in which: 

Fig. 1 is a block diagram schematically showing a 
first embodiment off the duty measuring circuitry in 
accordance with the present invention; 
Fig. 2 is a schematic block diagram showing a spe- 
cific configuration of a mean circuit included in the 
first embodiment; 

Fig. 3 is a schematic block diagram showing a sec- 
ond embodiment of the present invention; 
Fig. 4 is a schematic block diagram showing a spe- 
cific configuration off a mean circuit included in the 
second embodiment; 

Fig. 5 is a schematic block diagram showing a third 
embodiment of the present invention; 
Rg. 6 is a schematic block diagram showing a 
mean circuit included in the third embodiment; 
Rg. 7 is a schematic block diagram showing a 
fourth embodiment off the present invention; 
Rg. 8 is a schematic block diagram showing a spe- 
cific configuration of an M mean circuit included in 
the fourth embodiment; 

Rg. 9 is a schematic block diagram showing a fifth 
embodiment of the present invention; 
Rg. 10 is a schematic block diagram showing an M 
mean circuit included in the fifth embodiment; 
Rg. 11 is a schematic block diagram showing a 
sixth embodiment of the present invention; 
Rg. 12 is a schematic block diagram showing an M 
mean circuit included in the sixth embodiment; 
Rg. 13 is a timing chart showing a specific opera- 
tion of a sampling circuit included in any one of the 
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illustrative embodiments for outputting sampled sig- 
nals; 

Fig. 14is a timing chart showing specific operations 
of a pulse detecting circuit, a duty decision circuit 
and an L frequency division circuit included in any 
one of the illustrative embodiments; 
Fig. 15 is a graph showing a specific relation 
between a pulse width and a duty ratio available 
with the illustrative embodiments; 
Figs. 16A and 16B demonstrate how the sampling 
circuit included in anyone of the illustrative embodi- 
ments shifts sampled signals; 
Fig. 1 7 demonstrates how the sampling circuit sam- 
ples M consecutive bfts of an input data signal; 
Fig. 1 8 demonstrates how the sampling circuit sam- 
ples M consecutive bits of an input data signal; 
Figs. 19A to 19D. 20A to 20 D, 21A and 21B are 
graphs each showing a particular weighting coeffi- 
cient applicable to the present invention; 
Fig. 22 is a block diagram schematically showing a 
data identification system including any one of the 
illustrative embodiments; 

Rgs. 23A and 23B are a schematic block diagram 
showing a data reproduction system also including 
any one of the illustrative embodiments; 
Fig. 24 is a view showing a specific conventional 
optical communication system to which the present 
invention is applicable; 

Fig. 25 is a view showing a specific FTTH (Ftoer To 
The Home) configuration included in the system of 
Fig. 24; and 

Fig. 26 is a chart showing specific pulse widths and 
distorted duties (%). 

[0012] To better understand the present invention, 
brief reference will be made to a conventional communi- 
cation system using optical ftoers, shown in Fig. 24. As 
shown, mainly to reduce the cost for laying optical fb- 
ers, optical fibers are laid in various configurations 
including FTTO (Ftoer To The Office) 1806. FTTZ (Fber 
To The Zone) 1814, FTTC (Ftoer To The Curb) 1810. 
and FTTH 1812. FTTO 1806 has optical ftoers laid to 
offices. FTTZ 1814 is directed toward multiplex trans- 
mission and has optical fibers laid to a zone where tele- 
phones are densely installed. FTTC 1810 has optical 
ftoers laid up to an optoeiectric conversion unit (ONU) 
1816 located on, e.g., the roadside, and pair wires 
extending from the ONU 1816 to four to five subscrib- 
ers. FTTH 1 812 has optical ftoers each being laid up to 
a particular homa 

[00i3] A station/center 1800 sends information in the 
form of optical signals via optical fbers 1804. To allow 
the information to be actually used, the above configura- 
tions 1806-1812 each needs the ONU 1816 for convert- 
ing an optical signal to an electric signal. 
[0014] Fig. 25 shows FTTH 1812 more specifically. 
The system configuration shown in Fig. 25 is generally 
referred to as a PDS system. As shown, a station 1700 



includes a switching unit 1702. An active optical ftoer 
and a standby optical fber, collectively labeled 1704, 
are connected to the switching unit 1702. The two opti- 
cal fibers 1704 are laid mainly for a maintenance and 

5 operation purpose 

[0015] An optical signal propagated through either 
one of the optical ftoers 1704 is branched by a start cou- 
pler 1706. One of the branched optical signals is deliv- 
ered to an ONU 1708 situated in a home 1720 for 

10 transforming the optical signal to an electric signal. In 
the home 1710, the electric signal is fed to. ag., a tele- 
phone 1712, a facsimile apparatus 1714 or a personal 
computer 1 71 6. This provides the user with high speed, 
broad band data communication. 

75 [0016] The problem with the PDS or simOar subscriber 
system is that the ONU 1708 distorts the duty of an 
input signal, as stated eartier. To solve this problem, 
there has been proposed to measure the duty of an 
input signal for thereby promoting error-free data iderrti- 

20 f ication even when the duty of the input signal is dis- 
torted. This kind of scheme, however, cannot measure a 
duty unless the input signal includes an extra field stor- 
ing a fixed pattern, ag., ONES and ZEROs alternating 
with each other. This, coupled with the fact that the posi- 

25 tion of the fixed pattern in the input signal must be accu- 
rately detected, renders the generation and analysis of 
the input signal sophisticated. 
[0017] Fig. 26 shows a relation between the distortion 
of a duty and the resulting pulse width. Specifically, Fig. 

30 26 shows a case wherein the duty of an input data sig- 
nal is distorted by ±50 %, i.e., a +50 % data signal, a 
+150 % data signal, and a +100 % data signal. As 
shown, when the distortion is +150%, a pulse having a 
convex pulse width 12 is detected out of data "1001". 

35 When the distortion is +50 %, a pulse with a concave 
pulse width 12 is also detected out of data "101". In this 
manner, the duty varies in accordance with the condi- 
tion of data when distorted. 

[0018] Preferred embodiments of the duty measuring 
40 circuitry in accordance with the present invention will be 
descrtoed hereinafter. 

First Embodiment 

45 [Q019] Referring to Fig. 1, duty measuring circuitry 
embodying the present invention includes a sampling 1 
for sampling an input data signal. The output of the 
sampling 1 is applied to a pulse detection 2. A duty deci- 
sion 3 determines the cfcrty of a pulse width detected by 

so the pulse detection 2. A mean 4 produces a mean of 
duty values based on pulse widths determined to be 
valid by the duty decision 3. An L frequency division 5 
divides a preselected clock signal by L (integer greater 
than 1 inclusive) and delivers the divided dock signal to 

55 the pulse detection 2 and mean 4. 

[0020] The operation of the illustrative embocfiment 
will be descrtoed hereinafter. Briefly, the input data sig- 
nal and N-phase clock signals or an N-times dock sig- 
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nal (N being an integer greater than 2 inclusive) are 
input to the circuitry. The N -phase dock signals have 
the same frequency as the input data signal and has 
phases sequentially shifted by 3G0°/N. The N-times 
dock signal has a frequency N times as high as the fre- 
quency of the input data signal. The drcuitry determines 
the duties of the input data signal and outputs a mean 
duty value. 

[0021] Specifically, the sampling 1 digitally samples 
the input data signal with the N-phase clock signals or 
the N-times clock signal and thereby outputs N x M 
sampled signals; M is representative of M consecutive 
bits of the input data signal and is an integer greater 
than 1 inclusive 

[0022] In the following description, N representative of 
the number of phases of the N-phase clock signal or the 
multiplier of the N-times clock signal is assumed to be 8. 
Also, M representative of the bit width of the input data 
sampled by the sampling 1 is assumed to be 2 while the 
divisor L of the L frequency division 5 is assumed to be 
1. Of course. N, M and L may be any desired numbers 
other than 8, 2 and 1 , respectively. 
[0023] First reference will be made to Fig. 13 for 
describing the operation of the sampling 1. In Fig. 13, 
the input data signal is serially numbered "0", VP. 
"42", "+3" and "44" from the oldest bit to the newest bit 
with respect to time. As shewn, the N (8) -phase clock 
signals 1 -8 are sequentially shifted in phase at the inter- 
vals of one-eighth of one dock period. The N(8)-times 
clock signal has a frequency eight times as high as the 
frequency of the input data signal. 
[0024] The sampling 1 samples the input data signal 
at the positive-going edges of the N(8)-phase dock sig- 
nals 1-8 or those of the N(8)-times clock signal. 
Because M is assumed to be 2, the sampling 1 outputs 
sixteen sampled signals 1 x 1 through 8 x 2 in total. Spe- 
cfficalty the sampling 1 produces eight sampled signals 
1x2 through 8 x 2 by shifting, or delaying, eight sam- 
pled signals 1x1 through 8 x 1 by one period of the 
N(8)-phase clock signals or by the N(8)-times clock sig- 
nal. 

[0025] - The NxM sampled signals output from the 
sampling 1 will be descrfoed more specifically with ref- 
erence to Figs. 16A and 168. it is to be noted that M 
consecutive bits of the input data signal to be output 
from the sampling 1 refer to M consecutive bits of an 
input data signal having some continuous bits. Further, 
as shown in Fig. 16A, the M consecutive bits refer to M 
bits counted retroactively from each of times ® , ©. © 
and so forth which are the operating points of the dr- 
cuitry shown in Fig. 1. One bit of the input data signal is 
representative of one period of the N-phase dock sig- 
nals or N periods of the N-times clock signal. The input 
data signal shown in Fig. 16A and 16B are assumed to 
be sampled by the eight-phase dock signals or the 8- 
times clock signal by way of example. 
[0026] M bits of consecutive sampled data will be 
described with reference to Fig. 16B. As shown, N dif- 



ferent input data signals sampled by the eight-phase 
dock signals or the eight-times clock signal are bodily 
shifted by zero bit in the dime domain, shifted by one bit 
in the time domain, shifted by two bits in the time 

5 domain and shifted by M-1 bits in the time domain. 

As a result, NxM different signals are produced. 
[0027] Specifically, as shown in Fig. 16B, assume that 
Mis 2, and that the time ® is the operation point of the 
drcuitry. Then, N sampled signals derived from the 

10 input data signal appeared up to a time one bit before 
the time ® are the signals shifted by zero bit and are 
therefore directly output Next, N sampled signals 
derived from the data signal appeared during the inter- 
val between one bit before the time (T) and two bits 

15 before the time (D are the signals to be shifted by one 
bit and are therefore shifted (delayed) by, e.g., a shift 
register and then output In the manner, when M is 2, N 
x 2 sampled signals are output 
[0028] Reference will be made to Figs. 17 and 18 for 

20 describing why the illustrative embodiment samples M 
consecutive bits of the input data signal. Figs. 17 and 18 
respectively show a case wherein two consecutive bits 
of the input data signal are sampled and a case wherein 
three consecutive bits of the input data are sampled by 

25 way of example. As shown in Fig. 17, if M is only 1 or 2, 
then drcuitry fails to detect some pulses. More specifi- 
cally, when two consecutive bits of the input data signal 
appeared up to the time @ are sampled, a concave 
pulse can be detected. However, if two consecutive bits 

30 appeared up to the time © are sampled, then no 
pulses, i.e., concavity or convexity is detected because 
the duty value of the input data signal is not 100%. 
[0029] As shewn in Fig. 18, if three consecutive bits of 
the input signal are sampled, then the concavity or con- 

35 vexrty of the input data signal can be surely detected on 
the basis of three bits preceding any one of the times 
®, © and ®. That is, considering that M = 2 is not a 
necessary sufficient condition, the illustrative allows M 
to be any desired integer greater than 1 inclusive, 

40 [Q030] The pulse detection 2 and duty decision 3 
shown in Fig. 1 operate as follows. The sampling 1 also 
shown in Fig. 1 feeds NxM sampled signals to the 
pulse detection 2. The pulse detection 3 detects convex 
pulse information and concave pulse information out of 

45 the input sampled signals in synchronism with the 
divided frequency signal output from the L frequency 
division 5, Fig. 1. The pulse detection 3 deOvers the 
above information, inducing pulse width information, to 
the duty decision 3. 

so [0031] When the output signal of the pulse detection 
2 has a puke width g-eater than a limit for decision, the 
duty decision 3 determines that the signal with the 
above pulse width is invalid. When the output signal of 
the pulse detection 2 has a pulse width smaller than the 

55 limit the duty decision 3 determines it to be valid, calcu- 
lates a duty value corresponding to the pulse width, and 
feeds the duty value to the mean 4, Fig. 1. 
[0032] Referring to Fig. 14. the operation of the pulse 
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detection 2, duty decision 3 and L frequency division 5 
will be described. As shown, the L frequency division 5 
divides the input clock signal by L at the positive-going 
edges of the clock signal to thereby generate the 
divided dock signal. For example, if L is 1 , then the fre- s 
quency division 5 outputs an L (1) divided signal identi- 
cal with the input clock signal, as shown in Fig. 14. 
[0033] Why the L frequency cfiviston 5 divides the 
clock signal before delivering it to the pulse detection 2 
and mean 4 is as follows. First, assume that the fre- io 
quency cfi vision 5 divides the input clock signal by a 
great divisor l_ i.e., outputs a divided signal with a high 
frequency. Then, when the input data signal has a high 
rate, the overall processing time of the pidse detection 
2, duty decision 3 and mean 4 can be prevented from is 
exceeding one period of the clock signal. On the other 
hand, if the rfvisor L is relatively small (L < 1), i.e., if the 
frequency of the divided clock signal is low, then there 
can be saved power to be consumed by the pulse 
detection 2, duty decision 3, and mean 4. 20 
[0034] As stated above and as shown in Fig. 1, the 
clock signal can be divided by L in matching relation to 
the application of the duty measuring circuitry. This is 
successful to further enhance the convenience of the 
duty measuring circuit When L is small, the circuitry 2s 
detects pulses intermittently and may therefore fail to 
detect all the pulses. This, however, can be made up for 
by increasing the number of bits M. It is to be noted that 
so increasing M is not necessary when it comes to 
applications not needing rapid tuning or rapid tracking. 30 
[0035] Referring again to Fig. 14, the input data signal 
is sampled to form the sampled signals 1x1 through 8 
x 2 each having a particular value representative of the 
concavity or the convexity of the data signal. The pulse 
detection 2 takes in the sampled signals 1x1 through 8 35 
x 2 in synchronism with the positive-going edges of the 
L(1) divided clock signal and produces N x M (8 x 2) bits 
of sfice signals. The NxM(8x2)bitsof slice signals 
are identical with M (2) bits of the input data signal rear- 
ranged in the direction of txta 40 
[0036] Subsequently, the pulse detection 2 detects 
concave pulses "...10...01..." and convex pulses 
"...01.. .10...", measures the pulse width of each of the 
concave and convex pulses, and outputs concavity and 
convexity information and pulse widths as a pulse as 
detection output In the specific operation shown in Fig. 
14, the pulse detection 2 detects a convex pulse width 
5, a concave pulse width 11, and a convex pulse width 
5. When the pulse detection 2 detects no concave or 
convex pulse, it does not produce the pulse detection so 
output When N is 8, a pulse width 8 is representative of 
a cfistortion-free state. 

[0037] The duty decision 3 compares the pulse width 
of the pulse detection output and the pulse width repre- 
sented by the limit for decision. If the former is greater 55 
than the latter, the duty decision 3 determines rt invalid; 
if otherwise, the duty decision 3 determines it valid. The 
duty decision 3 calculates a valid duty value based on 



the valid pulse width and outputs the calculated valid 
duty value as a decision output signal. 
[0038] In The specific procedure shown in Fig . 1 4, the 
pulse width represented by the limit is assumed to be 
10. It follows that the convex pulse width 5 is invalid 
whQe the concave pulse width 11 is valid. The pulse 
width 10 is, of course, illustrative and may be replaced 
with any other suitable value 
[0039] In the illustrative embocfimerrt, the pulse detec- 
tion 2 outputs a single pulse because M is assumed to 
be 2. The other embedments to be described later 
assume that M is greater than 3 inclusive, and therefore 
cause their pulse detecting sections to sometimes out- 
put two or more putees. 

[Q040] The mean 4, Fig. 1, produces a difference 
between the decision output signal and the previous 
output duty value stored as a mean value, weights the 
difference, adds the resulting weighted difference to the 
previous output duty value, and outputs the resulting 
sum in synchronism with the divided frequency clock 
signal. 

[0041] FIG. 2 shows a specific configuration of the 
mean 4. As shown, the mean 4 is made up of a subtrac- 
tion 11, a weighting 12, an addition 13, a memory 14, 
and a weight control 15. The subtraction 1 1 produces a 
difference X = A- B where A and B are representative 
of the decision output signal and the output duty value 
read out of the memory 14. The weighting 12 weights 
the difference X output from the subtraction 12 by a 
weighting function Y = f(X) to thereby produce a 
weighted output signal Y. 

[0042] The weight control 1 5 sets a weighting function 
f(X) matching with the difference X in the weighting 12 
and controls the weighting 12. The addition 13 adds the 
duty value B output from the memory 1 4 to the weighted 
output signal Y and feeds the resulting sum signal Z to 
the memory 14. The memory 14 stores the sum signal 
Z and outputs it in synchronism with the divided clock 
signal as an output duty value 
[0043] The mean 4 with the above configuration sets 
a particular weighting function f (X) for each of a case 
wherein the difference X is relatively great and a case 
wherein it is relatively small. The former case is 
expected to occur during tuning, ag. , just after the start- 
up of the duty measuring circuit or when a burst signal 
is received. The latter case is expected to occur when 
the operation tracks steady slow changes to occur after 
tuning. rt is therefore posstole to strongly suppress jitter 
and other high-speed rapid changes while implement- 
ing rapid tuning. 

[0044] Reference will be made to Figs. 19A to 19D, 
20A to 20D, 21A and 21B for descrying the weighting 
function ffX) set by the weight control 15. Figs. 19-21 
each shows particular relations between the phase dif- 
ference X of the weighting function f(X) and the calcu- 
lated value Y 

[0045] It is to be noted that while X has been 
descrtoed as being a difference between duty values, X 
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shewn in Figs. 19-21 is representative of a phase differ- 
ence corresponding to a duty value For example, when 
the input signal data is sampled in synchronism with the 
eight-phase clock signals or the eight-times clock sig- 
nal, a shift of the duty value by 1 causes the phase to 
vary by 45°. When N of the N-phase dock signals or the 
N-times clock signals is other than 8, a shift of the duty 
value by 1 will cause the phase to vary by an angle other 
than 45°. 

[0046] A relation between the pulse width and the duty 
value and relating also to the above relation between 
the duty value and the phase difference wiD be 
described with reference to Fig. 15. Specifically, Fig. 15 
shows a relation between the widths of convex pulses, 
the widths of concave pulses, and decision output sig- 
nals including parenthesized duty values (%). 
[0047] For example, when a convex pulse has a width 
of 1, a concave pulse has a width of 15 while the duty 
value is 1. For a convex putee having a width of 5. a con- 
vex pulse has a width of 1 1 while the duty value is 5. A 
duty value is set in accordance with the widths of such 
pulses. Because the illustrative ernbodiment samples 
the input data signal with the eight-phase clock signals 
or the eight-times clock signal, the duty is free from dis- 
tortions (duty value of 8; 100 %) when the above putee 
widths are 8. In the specific relation shown in FIG. 15, 
when the duty value is shifted by 1 , the phase is shifted 
by 45° because 360°/8 is 45°. 
[0048] Rgs.19Ato19D,20Ato20D,21Aand21Bare 
graphs showing specific weighting coefficients f(X) . 
Specifically. Fig. 19 shows a graph (A) corresponding to 

Y = f(X) = X, a graph (B) corresponding to 

Y = f(X) = (1/2)X , a graph (C) corresponding to 

Y = f(X) = (1/4)X , and a graph (D; corresponding to 

Y = f(X)- (1/8)X. The graph (Fig. 19 A) is representa- 
tive of a case wherein the difference X calculated by the 
subtraction 11, Fig. 2, is directly output Although the 
result of this calculation is not a weighted mean, such a 
calculation will also be referred to as averaging includ- 
ing weighting for the sake of illustration. 

[0049] The graph (Fig. 19 B) shows a case wherein 
the difference X is divided by 2 and then output without 
regard to the size of the difference X. The graph(Rg. 19 
C) shows a case wherein the difference X is cfivided by 
4 and then output without regard to the size of the differ- 
ence X. The graph (Ftg. 1 9 D) shows a case wherein the 
difference X is divided by 8 and then output without 
regard to the size of the difference X. 
[0050] FIG. 20 shows a graph (A) representative of a 
function given by Y = t(X) = (1/2)X when the phase de- 
ference X lies in the range of -90° £ X £ +90° or given by 

Y = f(X) = X when it Bes in the range of -90° < X or X > 
+90°. A graph (B) is representative of a function given 
by Y = f(X) = (1/4)X when the difference X lies in the 
range of -90° £ X £ +90° or given by Y = f(X) = (1/2)X 
when it lies in the range of -90° < X or X > +90°. A graph 
(C) is representative of a function given by 

Y = f(X) = (1/2)X when the phase difference X lies in 



the range of -90°C £ X £ +90°, given by 

Y = f(X) = X + 45° when it lies in the range of -90° <X. 
or given by Y = f(X) = X-45° when it Ges in the range of 
X > +90°. Further, a graph (D) is representative of a 

5 function given by Y =f(X) = (1/4)X when the phase dif- 
ference X lies in the range of -90° £ X £ +90°, given by 

Y = f(X) = (1/2)X + 22.5° when it lies in the range of - 
90° < X, or given by Y = f(X) = (1/2)X - 22.5° when it 
lies in the range of X > 490°. 

w [0051] In the graph of Fig. 20A, the weighting function 
f(X) is varied in accordance with the size of the differ- 
ence X. Particularly, when the difference is great, 
weighting can be effected such that the resulting value 
is small. In the graph of Rg. 20B, the weighting function 

15 f(X) is also varied in accordance with the size of the dif- 
ference X; weighting is effected such that the resulting 
value is small when the difference X is small or such that 
the resulting value is great when the difference X is 
great The graph of Fig. 20C is similar to the graph (Rg. 

20 20 A) except that a preselected value is added to the 
function in order to obviate discontinuity. The graph of 
Rg. 20D is similar to the graph (Fig. 20B) except that a 
preselected value is added to the function in order to 
obviate discontinuity. 

25 [0052] Rg. 21 A shows a specific graph representative 
of a function given by Y = f(X) = (1/2)X when the phase 
difference X lies in the range of -90° <> X <; +90°, given 
by Y = f(X) = -90° when it lies in the range of -90° <X, 
or given by Y = f(X) = +90° when ft lies in the range of 

30 +90° > X Also shown in Rg. 21 Bis a specific graph rep- 
resentative of a function given by Y = f(X) = (1/4)X 
when the phase difference X lies in the range of -90° <> 
X <> +90°, given by Y = f(X) = -45° when it lies in the 
range of -90° < X, or given by f(X) = +45° When it lies 

35 in the range of +90° > X. 

[0053] In the graph of Fig. 21 A, when the difference X 
exceeds a preselected value, the weighted value is 
maintained constant The graph of Rg. 21B is similar to 
the graph of Rg. 21 A except that the slope of the funo- 

40 tion and the preselected value are varied. 

[0054] It should be noted that the weighting functions 
f(X) described above with reference to Figs. 19-21 are 
only illustrative and may be replaced with any other suit- 
able weighting functions. 

45 [0055] In Rgs. 20 and 21, the transition points of the 
function Y = f(X) are assumed to be ±90°, i.e„ the func- 
tion varies when the difference X is ±90°. This is also 
only illustrative. The difference X varies over a range of 
from -180° to +180° (-50 % to +50 %). When the input 

so data signal is sampled by the eight-phase clock signals 
or the eight-times clock signal, the difference X is dis- 
crete, i.e., any one of -180° (-50 %). -135° (-37.5 %), - 
90° (-25%). 45° (-12.5%), 0° (0%). +45° (12.5%), +90° 
(25 %), and +135° (+37.5 %). Considering an error of 

55 ±45° particular to the sampling using the above dock 
signal or signals, ft is preferable to select about ±90° 
C*25 %) as a range of the size of the phase difference X. 
tn practice, however, the transition points of the function 
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Y = f (X) should be preselected in consideration of the 
variation of the detected pulse width ascribabie to the jit- 
ter and other phase variation factors of the input data 
signal. 

[0056] The illustrative embodiment varies the function s 
in accordance with the difference X. Alternatively, the 
function maybe varied on the basis of, e.g., a period of 
time elapsed since the input of a start signal, as will be 
descrbed later in relation to other embodiments. Specif- 
ically, the functions f(X) shown in the graphs of Fig. 19A- w 
19D may be varied in accordance with the above period 
of tima For example, when the period of time elapsed is 
short and requires rapid tuning, the function 

Y = f(X) = X shown in the graph (Fig. 19A) may be 
used. As the period of time elapses increases, the tunc- is 
tion Y = f(X) = (1/8)X shown in the graph (Fig. 19D) 
may be used. This is also successful to strongly Sup- 
press jitter and other high-speed phase variation factors 
while insuring rapid tuning. 

[0057] As stated above, the mean 4 produces a differ- 20 
ence between the input decision output signal and the 
previous duty value or mean value, weights the differ- 
ence, adds the weighted difference to the previous duty 
value, and outputs the resulting sum as a new duty 
value in synchronism with the clock signal divided by 2s 

[0058] The circuitry of Fig. 1, therefore, does not 
directly take in the concave and convex pulse widths 
output from the pulse detection 2 as duty values and 
average them, but averages only the information deter- 30 
mined to have pulse widths smaller than the prese- 
lected Emit by the duty decision 3. This allows the 
circuitry to select only "101 (concave pulses)" and "010 
(convex pulses)" out of the input data signal as duty val- 
ues, i.e., prevents it from erroneously selecting two-bit as 
pulses including "1 001 " and "01 1 0". It follows that duties 
can be measured without resorting to an exclusive field 
for a fixed pattern, e g., "1" and "0" alternating with each 
other. In addition, the duty values of the input data sig- 
nal can be accurately measured even with a random 40 
pattern based on RZ code or NRZ code. 
[0059] Further, the mean 4 with the configuration 
shown in Fig. 2 is capable of switching the weighting 
function f(X) in accordance with the phase cfifference X. 
Specifically, when the difference X is great as expected 45 
just after the start-up of the circuitry of Fig. 1 or when a 
burst signal is received, the mean 4 selects 
f(X) = (1/2) x X . When the difference X is small, as 
expected when the operation tracks steady slow 
changes to occur after tuning, the mean 4 selects so 
f(X) = (1/4) x X . It is therefore possible to maintain 
rapid tuning (when the cfifference X is great) and to 
strongry suppress jitter and other high-speed phase var- 
iation factors (when the cfifference X is small). 

ss 

Second Embodiment 

[0060] Referring to Fig. 3, a second embodiment of 



the present invention will be descrfoed In Fig. 3, struc- 
tural elements identical with the structural elements of 
Fig. 1 are designated by like reference numerals and 
will not be described in detail in order to avoid redun- 
dancy. As shown, the circuitry of Fig. 3 is identical with 
the circuitry of Fig. 1 except that a mean 104 is substi- 
tuted for the mean 4 and receives a start signal. 
[0061] Fig. 4 shows a specific configuration of the 
mean 104. In Fig. 4, structural elements identical with 
the structural elements of Fig. 2 are designated by like 
reference numerals and will not be described in detail. 
As shown, the mean 104 includes a weighting control 
115 in place of the weighting control 15. Fig. 4. A start 
signal is input to the weighting control 115 in place of 
the difference X. In this configuration, the weighting con- 
trol 115 controls the weighting 12 on the basis of the 
start signal. The start signal should preferably be a sig- 
nal representative of, ag., the head of a burst data sig- 
nal. 

[0062] In the configuration shown in Fig. 4, the weight- 
ing control 115 does not control the weighting function 
f(X) on the basis of the difference X, but varies it in the 
time domain on the basis of the start signal. For the 
weighting function f(X), use may be made of the other 
functions shewn in Figs. 19-21 by way of exampla For 
example, the circuitry may use the function 
f(X) =(1/2)xX for ten bits at the time of tuning. La, 
since the input of the start signal and then use the func- 
tion f(X) = (1/4) x X . 

Third Embptf mgnt 

[0063] Fig. 5 shows a third ernbodiment of the present 
invention. In Fig. 5, structural elements identical with the 
structural elements shewn in Fig. 1 are designated by 
like reference numerals and will not be described in 
detail in order to avoid redundancy. As shown, this 
embodiment is identical with the first embodiment 
except that a start signal is input to a mean 204. 
[0064] Fig. 6 shows a specific configuration of the 
above mean 204. In Fig. 2, structural elements identical 
with the structural elements shown in Fig. 2 are desig- 
nated by like reference numerals and wiD not be 
described in detail in order to avoid redundancy. As 
shown, the mean 204 differs from the mean 4, Fig. 2, in 
that the difference X and start signal are input to the 
weighting control 215. The weighting control 215 there- 
fore controls the weighting 12, ag., the weighting func- 
tion f(X) on the basis of both of the difference X and 
start signal. 

[0065] Again, for the weitfiting function f(X), use may 
be made of the other functions shown in Figs. 19-21 by 
way of exampla For example, the circuitry may use the 
function f(X) ■ (1/2) x X for ten bits at the time of tuning 
rf the difference X is great and then use f(X) = (1/2) x X 
if the cfifference X is great or f(X) = (1/4)xX if it is 
small. 

[0066] A fourth embodiment to a sixth embodiment to 
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be deserted hereinafter each include a pulse detecting 
section constructed to detect a plurality of pulses. 

Fourth Embodiment 

[0067] Reference will be made to Fig. 7 for describing 
a fourth embodiment of the present invention. In Fig. 7, 
structural elements identical with the structural ele- 
ments shown in Fig. 1 are designated by like reference 
numerals and will not be described in detail in order to 
avoid redundancy. As shown, the circuitry includes the 
sampling 1 and L frequency cBvision 5 operating in 
exactly the same manner as in the first embodiment A 
pulse detection 1002 receives from the sampling 1 M 
bits of sampled signals derived from the input data sig- 
nal. The pulse detection 1002 detects pulses the 
number of which lies in the range of from zero to M, and 
delivers zero to M detection signals to a duty decision 
1003. 

[0068] Assume that the zero to M detection signals 
output from the pulse detection 1002 each have a pulse 
width greater than one represented by a preselected 
limit tor decision. Then, the duty decision 1003 deter- 
mines that the M detection signals are invalid. If the 
pulse widths of the detection signals each are smaller 
than the pulse width represented by the limit the duty 
decision 1003 determines that their duty value is valid, 
and delivers the zero to M detection signals to an M 
mean 1004 in the form of M* (0 £ M* ^ M) duty decision 
signals. The M mean 1004 averages the M' (zero to M) 
duty decision signals in synchronism with the positive- 
going edges of the L divided frequency clock to thereby 
output a mean duty value. 

[0069] Fig. 8 shows a specific configuration of the M 
mean 1004. As shown, the M mean 1004 has an M-1 
mean 1016andthernean4identk^wrththernean4of 
Fig. 2. It is to be noted that "M-1" is representative of a 
procedure for averaging the M or less duty decision sig- 
nals so as to convert them to a single duty decision sig- 
nal. 

[0070] Specifically, the M-1 mean 1016 receives the 
zero to M duty decision signals, averages them, and 
delivers the resulting mean to the mean 4. The mean 4 
is capable of varying the weighting fixation f(X) in 
accordance with the difference X in exactly the same 
manner as described with reference to Fig. 2. The differ- 
ence is that the mean of the zero to M duty decision sig- 
nals is input to the mean 4 in place of the signal A 
shown in Fig. 2. 

Fifth Emfrxfiment 

[0071] Ftg. 9 shows a fifth embodiment of the present 
invention. In Fig. 9, structural elements identical with the 
structural elements shown in Fig. 7 are designated by 
like reference numerals and wiO not be described in 
detail in order to avoid redundancy. As shown, the cir- 
cuitry includes the sampling 1. L frequency division 5. 



pulse detection 1002 and duty detection 1003 operating 
in exactly the same manner as descrfred with reference 
to Fig. 7. 

[0072] In Fig. 9, an M mean 11 04 receives the zero to 
5 M duty decision signals from the pulse detection 1002 
and receives the start signal. The M mean 11 04 outputs 
an averaged duty value at a timing synchronous to the 
positive-going edge of the L divided frequency clock. 
[0073] Fig. 10 shows a specific configuration of the M 
10 mean 1 104. As shown, the M mean 1 104 is made up of 
the M-1 mean 1016 and mean 104. The M-1 mean 1016 
and mean 104 are respectively identical in operation 
with the M-1 mean of Fig. 8 and the mean of Fig. 3. Spe- 
cifically, the weighting control, not shown, is capable of 
is varying the weighting function f(X) in accordance with a 
period of time elapsed by using the start signal. The dif- 
ference is that the mean of the zero to M duty decision 
signals is input to the mean 104 in place of the signal A. 

20 Sixth Embodiment 

[Q074] A sixth embodiment of the present invention 
will be described with reference to Fig. 11. In Fig. 11, 
structural elements identical with the structural eJe- 

25 ments shown in Fig. 7 are designated by like reference 
numerals. As shown, the circuitry includes the sampling 
1 , L frequency division 5, pulse detection 1 002 and duty 
decision 1003 operating in exactly the same manner as 
described with reference to Fig. 7. An M mean 1204 

30 receives the zero to M duty decision signals from the 
duty decision 1003 and receives the start signal. The M 
mean 1204 outputs a mean duty value at a timing syn- 
chronous to the positive-going edge of the L divided fre- 
quency clock. 

35 [0075] Fig. 12 shows a specific configuration of the M 
mean 1204. As shown, the M mean 1 204 is made up of 
the M-1 mean 1016 identical with the M-1 mean 1016 of 
Fig. 8 and the mean 204 identical with the mean 204 of 
Fig. 6. The weighting control, not shown, is capable of 

40 varying the weighting function f(X) by using the differ- 
ence X and start signal. The difference is that the mean 
of the zero to M duty decision signals output from the M- 
1 mean 1016 is input to the mean 204 in place of the 
signal A. 

45 [0076] The embodiments shown and descrfced are 
not restrictive, but only illustrative For example, the 
averaging section for producing a mean duty value has 
been shown and described as using Y =(1/2)X , 
Y = (1-4)X or similar linear function for the weighting 

so purpose. Alternatively, use may be made of a linear 
function having any other suitable slope or even a non- 
linear function, e.g.. Y = aX 2 (a being any desired 
number) or Y = aX 3 . Also, the period of time elapsed 
since the input of a start signal may be determined on 

55 the basis of, e.g., twenty bits or thirty bits instead of ten 
bits in matching relation to the characteristic of a system 
to which the circuitry of the present invention is applied. 
[0077] Reference wiD be made to Fig. 22 for describ- 
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ing a specific data identfication system implemented by 
any one of the first to sixth embedments shown and 
descrbed. The system is constructed to identify data 
derived from an optical signal by way of example. As 
shown, the system includes an optoelectric conversion 
(O/E) 1900 for converting an optical signal 1915 to an 
electric data signal 1901 . Duty measuring circuitry 191 1 
includes a sampling 1905 tor sampling the data signal 
1901 in the same manner as in any one of the first to 
sixth embodiments. An edge detection 1907 detects the 
edges of sampled signals output from the sampling 
1905. A data identification 1909 receives the detected 
edges from the edge detection 1907 and receives duty 
values from the duty measuring circuitry 1911. The data 
identification 1909 identifies the data of the signals out- 
put from the edge detection 1907 on the basis of the 
duty values and outputs the resulting identified data sig- 
nal 1913. 

[0078] The duty of an optical signal is sometimes crit- 
ically distorted, as discussed earlier. Therefore, should 
data be identified with no consideration given to the duty 
value, the result of identification would sometimes be 
erroneous. The system shown in Fig. 22 and including 
the duty measuring circuitry 191 1 is capable of measur- 
ing the duty value of the input data signal rapidly without 
any error and identifying data by referencing the meas- 
ured duty vatua This is successful to reduce identifica- 
tion errors. 

[0079] While the above system deals with an optical 
signal, the present invention is, of course, applicable to 
any other data identification system, which should 
involve a minimum of identification errors. 
[0080] Referring to Fig. 23 A, a data signal reproducing 
system to which any one of the first to sixth embodi- 
ments of the present invention is applied will be 
descrbed. As shown, the data signal reproducing sys- 
tem includes a PLL or clock recovery section 2003. A 
data signal 2001 is input to the PLL 2003, duty measur- 
ing circuitry 2005, and a flip-flop (F/F). The PLL 2003 
recovers a clock signal from the data signal 2001 and 
outputs a recovered clock signal 201 3. The duty meas- 
uring circuitry 2005, implemented by any one of the first 
to sixth embodiments, measures a duty value of the 
data signal 2001 and outputs it A phase shift 2007 
determines, based on the duty value, an amount of 
phase shift of the recovered dock signal 2013 and out- 
puts a clock signal shifted by the determined amount 
The F/F 2009 again samples the data signal 2001 in 
synchronism with the clock signal output from the phase 
shift 2007 to thereby output a reproduced data signal 
2011. 

[0081] A specific operation of the above system will be 
descrtoed with reference to Fig. 23B. Assume that the 
duty measuring circuitry 2005 shown in Fig. 23A is 
absent Then, as shewn in Fig. 23B, it has been custom- 
ary for the phase shift 2007 to shift the phase of the 
recovered dock signal 2013 such that the data signal 
2001 is sampled at the intermediate point (point A) of 



one period. In practice, however, some data signals 
2001 have duties dstorted to a noticeable degree. Sam- 
pling such data signals 2001 at the point A would be 
defective. 

5 [0082] In light of the above, the system shown in Rg. 
23 A, includes the duty measuring circuitry 2005 in 
accordance with the present inverrtioa The circuitry 
2005 allows the phase to be shifted by an amount 
matching with the distortion of the duty of the input data 

10 signal 2001 , so that data can be accurately reproduced. 
[0083] In summary, duty measuring circuitry of the 
present invention includes a pulse detecting circuit 
which does not directly take in detected concave and 
convex pulse widths as duty values and average them, 

is but averages only information determined to have pulse 
widths smaller than a preselected limit by a duty deci- 
sion circuit The circuitry therefore selects only "101 
(concave pulses)" and "010 (convex pulses)" out of an 
input data signal as duty values, i.e., does not errone- 

20 ously select two-bit pulses including "1001 " and 101 10". 
It follows that duties can be measured without resorting 
to an exclusive field for a fixed pattern, ag., "1"and t>" 
alternating with each other. In addition, the duty values 
of the input data signal can be accurately measured 

25 even with a random pattern based on RZ code or NRZ 
code. 

[0084] Further, a mean circuit is capable of switching 
a weighting function in accordance with a phase differ- 
ence. Specifically, when the difference is (peat, as 

30 expected just after the start-up of the circuitry or when a 
burst signal is received, the mean circuit selects a great 
weighting function. When the difference is small, as 
expected when the operation tracks steady slow 
changes to occur after tuning, the mean circuit selects a 

35 smaD weighting function. It is therefore possible to main- 
tain rapid tuning when the difference is great) and to 
strongly suppress jitter and other high-speed phase var- 
iation factors (when the difference is small) . The mean 
circuit may vary the weighting function in accordance 

40 with a period of time elapsed since the input of a burst 
data signal. 

[0085] A data identification system including the cir- 
cuitry of the above duty measuring circuitry is capable 
of accurately measuring a duty value even when the 

45 duty of the input signal is distorted, and identifying data 
on the basis of the measured duty. Also, a data repro- 
ducing system including the circuitry of the present 
invention is capable of determining, when shifting a 
clock signal separated from the input signal, an amount 

so of shift on the basis of a determined duty value so as to 
accurately reproducing the input signal. 
[0086] various rrxxiifications will become poss&ie for 
those skilled in the art after receiving the teachings of 
the present disclosure without departing from the scope 

55 thereof. 
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Claims 

1. In circuitry for measuring a duty of an input signal, 
at least one of a convex pulse width and a convex 
pulse width of the input signal is detected and is 
determined, when smaller than a preselected 
value, to be vafid for a calculation of a duty value. 

2. Circuitry as claimed in claim 1, comprising sam- 
pling means for sampling the input signal with either 
one of N-phase (N being any integer greater than 2 
inclusive) clock signals which are N clock signals 
sequentially shifted in phase by 360°/N and identi- 
cal in frequency with the input signal and an re- 
times clock signal N times higher in frequency than 
the input signal. 

3. Circuitry as claimed in claim 2, wherein said sam- 
pling means produces N sampled signals by sam- 
pling the input signal with said N-phase clock signal 
or said N-times clock signal, and sequentially shifts 
said N sampled signals by zero period, one period. 
.... and M-1 periods (M being any integer greater 
than 1 inclusive) of said N-phase clock signals or by 
zero period. N periods, .... and N(M-1) periods of 
said N-times clock signal to thereby output NxM 
sampled signals. 

4. Circuitry as claimed in claim 3, further comprising 
pulse detecting means for detecting values of said 
NxM sampled signals in synchronism with a prese- 
lected clock signal and detecting, based on said 
values, at least one of M* convex pulse widths and 
M' concave pulse widths (M' being an integer 
smaller than or equal to M). 

5. Circuitry as claimed in claim 4, wherein said prese- 
lected clock signal comprises a divided clock pro- 
duced by dividing a clock signal input from outside 
of said circuitry by L (any integer greater than 1 
inclusive), said circuitry further comprising fre- 
quency dividing means for cfivkfing said clock signal 
input from the outside by L 

6. Circuitry as claimed in claim 4 or 5. further compris- 
ing duty decision means for calculating, when aO of 
said M' concave pulse widths and convex pulses 
widths output from said pulse detecting means are 
smaller than a preselected pulse width, a valid duty 
value by using M" (positive integer smaller than or 
equal to M*) of said M* concave pulse widths and 
convex pulse widths as valid pulse widths, wherein 
said duty decision means outputs, when M" is 1, 
said valid duty value as a first valid duty value or 
outputs, when M" is greater than 2 inclusive, a 
group of M" valid duty values as a group of second 
valid duty values. 
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7. Circuitry as claimed in claim 6, wherein said prese- 
lected pulse width is represented by a limit value 
input from the outside of said circuitry. 

5 8. Circuitry as claimed in claim 6 or 7, further compris- 
ing M-1 mean averaging means for averaging said 
p/oup of M" valid duty values output from said duty 
decision means, and outputting a resulting mean as 
a second duty value. 

10 

9. Circuitry as claimed in claim 6, 7 or 8, further com- 
prising averaging means for executing averaging 
inducting weighting with at least one of said first 
valid duty value and said second valid duty valua 

15 

10. Circuitry as claimed in claim 9. wherein said aver- 
aging means comprises: 

memory means for storing a last duty value 
so output previously as a mean value of at least 

one of said first valid duty values and said sec- 
ond valid duty values; 

subtracting means for producing a difference X 
between the last duty value stored in said stor- 

25 ing means and at least one of said first valid 

duty value and said second valid duty value; 
weighting means for weighting the difference X 
to thereby produce a weighted value Y; 
adding means for producing a sum Z of the 

30 weighted value Y and the duty value output 

previously as the mean value, and writing said 
sum Z in said storing means as the duty value 
to be output as the mean value; and 
weighting control means for controlling said 

35 weighting means. 

11. Circuitry as claimed in claim 10, wherein said 
weighting control means controls said weighting 
means on the basis of the difference X. 

40 

12. Circuitry as claimed in claim 11, wherein said 
weighting control means causes said weighting 
means to convert the difference X to a correspond- 
ing phase difference and then convert the weighted 

45 value Y. which is given by at least one of functions 

Y = X. Y = (1/2)X. Y = (1/4)X. Y = (1/B)X. 

Y = X + 90°, Y = X-90°. Y = X + 45°, 

Y = X + 22.5°, Y = X - 45° , Y = X-22.5°, Y = - 
90°. Y = 90°, Y = -45° and Y = 45°, to a correspond- 

50 ing duty valua 

13. Circuitry as claimed in claim 1 1 or 12, wherein said 
weighting control means causes said weighting 
means to increase the weighted value Y when the 

55 Difference X is great or reduce said weighted value 
when said difference X is small. 

14. Circuitry as claimed in claim 13, wherein the 
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weighted value is given by Y = (1/2)X when 
increased or given by Y = (1/4)X when reduced. 

15. Circuitry as claimed in claim 10, wherein said 
weighting control means controls said weighting s 
means on the basts of a period of time elapsed 
since an input of a start signal. 

16. Circuitry as claimed in claim 15, wherein the start 
signal is representative of a head of an input burst w 
data signal. 

17. circuitry as claimed in claim 15 or 16, wherein said 
weighting control means causes said weighting 
means to increase the weighted value Y when the is 
period of time is short or reduce said weighted 
value Y when said period of time is long. 

18. circuitry as claimed in claim 15. 16 or 17, wherein 
said weighting control means causes said weight- 20 
ing means to output the weighted value Y given by 

Y = (1/2)X for ten bits since the input of the start 
signal or output said weighted value Y given by 

Y = (1/4)X after said ten bits. 

25 

19. Circuitry as claimed in claim 10, wherein said 
weighting control means controls said weighting 
means on the basis of the difference X and a period 
of time elapsed since an input of a start signal. 

30 

20. Circuitry as claimed in claim 19. wherein the start 
signal is representative of a head of an input burst 
data signal. 



wherein said weighting control means causes, 
based on the difference X and the period of time, 
said weighting means to provide a weight given by 
Y = X if said difference X is great ever ten bits 
since the input of the start signal, provide a weight 
given by Y = (1/2)X if said difference X is small 
over said ten bits, provide a weight given by 
Y=(1/2)X rf said difference X is great after said ten 
bits, or provide a weight given by Y = (1/4)X if said 
cfifference X is small after said ten bits. 

25. A data identification system comprising: 

circuitry as claimed in any one of claims 1 to 
24; and 

data identifying means for identifying, based on 
a duty output from said circuitry, data of the 
data signal and outputting said data as an iden- 
tified data signal. 

26. A system as claimed in claim 25, further comprising 
edge detecting means for detecting edges of sam- 
pled signals output from said circuitry and feeding 
said edges to said data identifying means. 

27. A system as claimed in claim 25 or 26, wherein the 
data signal comprises an electric signal produced 
by converting an optical signal, said system further 
comprising optoeJectric converting means for con- 
verting said optical signal to said electric signal. 

2a A system as claimed in claim 25, 26 or 27, further 
comprising: 



21 . circuitry as claimed in claim 1 9 or 20, wherein said 35 
weighting control means causes said weighting 
means to convert the difference X to a correspond- 
ing phase difference and then convert the weighted 
value Y, which is given by at least one of functions 

Y = X, Y = (1/2)X. Y = (1/4)X. Y = (1/8)X, 40 

Y = X + 90°. Y = X - 90° , Y = X + 45°, 

Y = X + 22.5°, Y = X-45°, Y = X - 22.5° , Y = - 
90°, Y o 90°, Y = 45° and Y = 45°, to a correspond- 
ing duty valua 

45 

22. Circuitry as claimed in ciaim 19, 20, or 21 , wherein 
said weighting control means causes said weight- 
ing means to increase the weighted value Y when 
the difference X is great or reduce said weighted 
value when said cfifference X is small. so 

23. Circuitry as claimed in claim 19, 20. 21 or 22, 
wherein said weighting control means causes said 
weighting means to increase the weighted value Y 
when the period of time is short or reduce said 55 
weighted value Y when said period of time is long. 

24. Circuitry as claimed in claims 19, 20. 21. 22 or 23. 



PLL means for separating a clock signal from 
the data signal to thereby output a separated 
clock signal; 

said circuitry as claimed in any one of claims 1 
to 24; 

phase shifting means for shifting, based on the 
duty value output from said arcurtry, a phase of 
the separated clock signal to thereby output a 
phase-shifted clock signal; and 
flip-flop means for sampling the data signal in 
synchronism with said phase-shifted clock sig- 
nal to thereby output a reproduced data signal. 

2a A method of measuring a duty of an input signal, 
comprising: 

a detecting step for detecting at least one of a 
convex pulse width and a concave pulse width; 
and 

a validating step for validating, if the convex 
pulse width or the concave pulse width 
detected is smaller than a preselected value, 
said convex pulse width or said concave pulse 
width for a calculation of a duty value. 
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30. A method as claimed in claim 29, further compris- 
ing a sampling step for sampling the input signal 
with either one of N-phase (N being any integer 
greater than 2 inclusive) clock signals which are N 
clock signals sequentially shifted in phase by 
360°/N and identical in frequency with the input sig- 
nal and an N-times clock signal N times higher in 
frequency than the input signal. 

31. A method as claimed in claim 30, wherein said 
sampling step comprises producing N sampled sig- 
nals by sampling the input signal with said N-phase 
clock signal or said N-times clock signal, and 
sequentially shifts said N sampled signals by zero 

period, one period and M-1 periods (M being 

any integer greater than 1 inclusive) of said N- 

phase dock signals or by zero period, N periods 

and N(M-1) periods of said N-times clock signal to 
thereby output NxM sampled signals. 

32. A method as claimed in claim 31, further corrpris- 
ing a pulse detecting step for detecting values of 
said NxM sampled signals in synchronism with a 
preselected clock signal and detecting, based on 
said values, at least one of M' convex pulse widths 
and M* concave pulse widths (NT being an integer 
smaller than or equal to M). 

33. A method as claimed in claim 32, wherein said 
preselected clock signal comprises a divided clock 
produced by dividing a dock signal input from out- 
side of said drcurtry by L (any integer greater than 
1 indusive). said method further comprising a fre- 
quency dividing step for dividing said clock signal 
input from the outside by L 

34. A method as claimed in claim 32 or 33, further com- 
prising a duty decision step for calculating, when all 
of said M ' concave pulse widths and convex pulses 
widths output from said pulse detecting means are 
smaller than a preselected pulse width, a valid duty 
value by using M" (positive integer smaller than or 
equal to M*) of said M* concave pulse widths and 
convex pulse widths as valid pulse widths, wherein 
said duty decision means outputs, when M" is 1, 
said valid duty value as a first valid duty value or 
outputs, when M" is greater than 2 indusive, a 
group of M" valid duty values as a group of second 
valid duty values. 

35. A method as claimed in claim 34, wherein said 
preselected pulse width is represented by a limit 
value input from the outside of said drcurtry. 

36. A method as claimed in claim 34 or 35, further com- 
prising an M-1 averaging step for averaging said 
group of M" vafid duty values output by said duty 
decision step, and outputting a resulting mean as a 



second duty value. 

37. A method as claimed in claim 34, 35, or 36, further 
comprising an averaging step for executing averag- 
5 ing induding weighting with at least one of said first 
valid duty value and said second valid duty value 

3& A method as claimed in claim 37, wherein said 
averaging step comprises: 

10 

a storing step for storing a duty value output 
previously as a mean value of at least one of 
said first vafid duty values and said second 
valid duty values; 

75 a subtracting step for produdng a difference X 

between the duty value stored in said storing 
step and at least one of said first vafid duty 
value and said second vafid duty value; 
a weighting step for weighting the difference X 

20 to thereby produce a weighted value Y; 

an adding step for produdng a sum Z of the 
weighted value Y and the duty value output 
previously as the mean value, and storing said 
sum Z in said storing step as the duty value to 

25 be output as the mean value; and 

a controlling step for controlling said weighting 
step. 

39. A method as claimed in claim 38, wherein said con- 
so trolling step comprises controlling said weighting 
step on the basis of the difference X. 

4a A method as claimed in claim 39, wherein said con- 
trolling step comprises causing said weighting step 
35 to convert the difference X to a corresponding 
phase difference and then convert the weighted 
value Y, which is given by at least one of functions 

Y = X, Y = (1/2)X, Y = (1/4)X, Y = (1/8)X, 

Y = X + 90°, Y = X-90°, Y = X + 45°. 
40 Y = X + 22.5° . Y = X - 45° , Y = X - 22.5° , Y = - 

90°, Y = 90°, Y = -45° and Y = 45°, to a correspond- 
ing duty value. 

41. A method as claimed in claim 39 or 40, wherein 
45 said controlfing step comprises causing said 
weighting step to increase the weighted value Y 
when the rjfference X is {peat or reduce said 
weighted value when said difference X is small. 

so 42. A method as claimed in claim 41, wherein the 
weighted value Y is given by Y = (1/2)X when 
increased or given by Y = (1/4)X when reduced. 

43. A method as claimed in claim 38, 39, 40, 41 or 42, 
55 wherein said controlling step comprises controlling 
said weighting step on the basis of a period of time 
elapsed since an input of a start signal. 
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44. A method as claimed in claim 43, wherein the start 
signal is representative of a head of an input burst 
data signal. 

45. A method as claimed in claim 43 or 44, wherein s 
said controlling step comprises causing said 
weighting step to increase the weighted value Y 
when the period of time is short or reduce said 
weighted value Y when said period of time is long. 

w 

46. A method as claimed in claim 43. 44 or 45. wherein 
said controlling step comprises causing said 
weighting step to output the weighted value Y given 
by Y = (1/2)X for ten bits since the input of the start 
signal or output said weighted value Y given by is 

Y = (1/4)X after said ten bits. 

47. A method as claimed in any one of claims 38 to 46. 
wherein said controlling step comprises controlling 
said weighting step on the basis of the difference X 20 
and a period of time elapsed since an input of a 
start signal. 

48. A method as claimed in claim 47. wherein the start 
signal is representative of a head of an input burst 25 
data signal. 

49. A method as claimed in claim 47 or 48, wherein 
said controlling step comprises causing said 
weighting step to convert the difference X to a cor- 30 
responding phase difference and then convert the 
weighted value Y, which is given by at least one of 
functions Y = X, Y = (1/2)X, Y = (1/4)X. 

Y = (1/8)X, Y = X + 90°. Y = X-90°. 

Y = X + 45°. Y = X + 22.5\ Y = X-45°. 35 

Y = X - 22.5° , Y = -90°, Y = 90°, Y = -45° and Y = 
45°, to a corresponding duty value. 

50. A method as claimed in claim 47, 48. or 49, wherein 
said controlling step comprises causing said 40 
weighting step to increase the weighted value Y 
when the difference X is great or reduce said 
weighted value when said cfifference X is small. 



ference X is great after said ten bits, or provide a 
weight given by Y = (1/4)X if said cfifference X is 
small after said ten bits. 

53. A method of identifying data, comprising: 

a method of measuring a duty of an input data 
signal as claimed in any one of claims 29 to 52; 
and 

a data identifying step for identifying, based on 
a duty output by said method of measuring a 
duty, data of the data signal and outputtmg said 
data as an identified data signal. 

54. A method as claimed in claim 53, further compris- 
ing an edge detecting step for detecting edges of 
sampled signals output by said method of measur- 
ing a duty of an input signal, and feeding said edges 
to said data identifying step. 

55. A method as claimed in claim 53 or 54, wherein the 
data signal comprises an electric signal produced 
by converting an optical signal, said method fialher 
comprising a step of converting said optical signal 
to said electric signal. 

56. A method of reproducing a data, comprising: 

a PLL step for separating a clock signal from 
the data signal to thereby output a separated 
clock signal; 

a method of measuring a duty of an input signal 
as claimed in any one of claims 29 to 52; 
a phase shifting step for shifting, based on the 
duty value output by said method of measuring 
a duty, a phase of the separated clock signal to 
thereby output a phase-shifted clock signal; 
and 

a flip-flop step for sampling the data signal in 
synchronism with said phase-shifted dock sig- 
nal to thereby output a reproduced data signal. 



20 



51. A method as claimed in claim 47, 48, or 49, wherein 45 
said controlling step comprises causing said 
weighting step to increase the weighted value Y 
when the period of time is short or reduce said 
weighted value Y when said period of time is long. 

50 

52. A method as claimed in claim 47, 48. 49, 50 or 51, 
wherein said controlling step comprises causing, 
based on the difference and the period of time, said 
weighting step to provide a weight given by Y = X if 
said difference X is great over ten bits since the 55 
input of the start signal, provide a weight given by 

Y = (1/2)X if said difference X is small over said ten 
bite, provide a weifitt given by Y = (1/2)X Hsaidtff- 
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